The effects of microorganisms inoculated in beef, pork and chicken on the production of various biogenic amines (BA) were examined. Acinetobacter haemolyticus, Aeromonas hydrophila subsp. hydrophila, Alcaligenes faecalis subsp. faecalis, Bacillus cereus, Bacillus subtilis, Enterobacter aerogenes, Enterobacter cloacae, Escherichia coli, Lactobacillus alimentarius, Lactobacillus curvatus, Leuconostoc mesenteroides subsp. Mesenteroides, Proteus mirabilis, Proteus vulgaris, Pseudomonas aerugina, Salmonella enteritidis and Salmonella typhimurium were inoculated into beef, pork and chicken and incubated for 24 h at optimum temperatures of each bacterium. In ground beef, total amount of amines (TAA) produced was highest in the sample inoculated with Bacillus cereus, followed by Enterobacter cloacae. In ground pork, TAA was highest in the sample inoculated with Alcaligenes faecalis, followed by Enterobacter cloacae, Proteus vulgaris and Bacillus cereus. TAA of chicken breast was highest in the sample inoculated with Alcaligenes faecalis, followed by Bacillus cereus and Lactobacillus alimentarius while in chicken leg was the sample inoculated with Proteus vulgaris, followed by Enterobacter aerogenes, Enterobacter cloacae and Alcaligenes faecalis. Among biogenic amines produced, cadaverine (CAD) was detected at the highest level, followed by putrescine (PUT) and tyramine (TYM), their order being reversed by the kind of microorganism in beef and pork. In chicken breast and leg, CAD level was still the highest but PUT, TYM or PHM was the second highest, depending upon the kind of microorganism inoculated. In total, Alcaligenes faecalis, Enterobacter cloacae and Bacillus cereus were ones that produced a larger amount of BAs regardless of meat sources from different species. (Asian-Aust.
INTRODUCTION
Microbial spoilage of meat has always been of critical concern in the meat industry. It is generally accepted that the microorganisms on fresh carcass originate from two main sources: those derived from slaughterhouse environment and those from the intestinal tract. According to Nottingham (1992) , the predominant organisms on the surface of freshly prepared carcass meat are Gramnegative bacteria such as Acinetobacter, Aeromonas, Pseudomonas and Moraxella, while other genera, including Enterobacter and Escherichia, are also found.
Biogenic amines (BA) are formed in foods as a result of amino acid decarboxylation catalyzed by bacterial enzymes. When they are consumed in sufficient quantities, BAs will cause headache, hypertension, fever and heart failure (Luthy and Schlatter, 1983; Nadon et al., 2001) . A potential health risk will be elevated, especially when BAs are coupled with monoamine oxidase inhibitors, alcohol, and gastrointestinal diseases (Stratton et al., 1991) . Many kinds of bacteria can decarboxylate amino acids in meat and poultry to the amines. Amino acid decarboxylases are found in certain Enterobacteriacea, Clostridium, Lactobacillus, Streptococcus, Micrococcus, Pediococcus and Pseudomonas species associated with meat (Shalaby, 1996) . Santos (1998) reported that Enterobacteriaceae had higher amino acid decarboxylase activity than lactic acid bacteria (LAB) and Gram positive cocci. Durlu-Özkaya et al. (2001) suggested that the major BAs produced by Enterobacteriaceae were putrescine (PUT), cadaverine (CAD), tyramine (TYM) and histamine (HIM) in culture medium and meat products. LAB that are capable of decarboxylation of amino acids in various meat and meat products include Lactobacillus buchneri, Lactobacillus brevis, Lactobacillus curvatus, Lactobacillus hilgardii, Carnobacterium piscicola, and Carnobacterium divergens (Edwards et al., 1987; Tschabrun et al., 1990; Butturini et al., 1995) . Lopez-Caballero et al. (2001) reported that PUT and HIM production was lowest under the 40% CO 2 /60% O 2 gas mixture in Shewanella putrefaciens which is a microorganism specific to the spoilage of temperate-water marine fish species stored in ice (Gram et al., 1987) . Gardini et al. (2001) investigated the combined effects of temperature, pH and NaCl concentration on BAs of Enterococcus faecalis. Carnobacterium divergens inoculated in meat-fat mixture was able to produce TYM (26-121 µg/g) (Masson et al., 1999) . Leuschner et al. (1998) suggested that Micrococcus varians could oxidize TYM and decrease TYM in end products of fermented sausages. Stenotrophomonas maltophilia strains, the psychotropic or mesophilic bacteria, were a routine screening of HIM forming bacteria in albacore tuna and showed a strong lysine decarboxylating activity (BenGigirey et al., 2000) . Lakshmanan et al. (2002) observed that Micrococcus, Alcaligenes, Flavobacterium, Acinetobacter, Shewanella and Pseudomonas, were the predominant amine-forming bacteria during the ice storage of fish and shrimp. Some bacteria (for example, Lactobacillus sakei) are able to degrade BAs by means of amino oxidases (Dapkevicius et al., 2000) . Chen et al. (2002) reported that seven biogenic amines and two polyamines concentrations for all treatments were lower than those of other fermented meat products when raw cured meat was processed with various treatments such as citric acid, sodium hypophosphite, monascus anka mash, plum paste, lactic acid bacteria or organic acid spray. Therefore, in this study was carried out to examine which microorganisms produce specific biogenic amines most in various non-fermented meat sources so that the effective way to control the production of biogenic amines by bacteria in meat can be sought.
MATERIALS AND METHODS

Samples
Beef and pork loins were purchased from a slaughterhouse, and chicken legs and breasts were obtained from a local market, one day after the slaughter. All samples were put in an icebox for transport to the laboratory. Only lean flesh was taken from the samples.
To destroy the microorganisms contaminated on the surface of meat, the meat samples were treated by ultraviolet radiation (254nm, 40W UV ramp) for 15 min in the clean bench and ground aseptically. Ten grams of samples were weighed into a sterilized, 50 ml polypropylene conical tube (Beckton Dickinson & Co., Franklin Lakes, USA) for inoculation of bacteria.
Reagents
Nutrient broth, bacto agar, trypticase soy broth, lactobacillus MRS broth and bacto peptone were purchased from Becton Dickinson and Co. (Sparks, USA).
Amine standards (β-phenylethylamine hydrochloride, putrescine dihydrochloride, cadaverine dihydrochloride, histamine dihydrochloride, serotonin creatinine sulfate, tyramine hydrochloride, spermidine trihydrochloride, spermine tetrahydrochloride and 1,7-diaminoheptane), sodium bicarbonate, sodium hydroxide, ammonium acetate and dansyl chloride were purchased from Sigma Chemical Co. (St. Louis, USA). Ammonia and perchloric acid (70%) were purchased from Showa Chemical Co. (Tokyo, Japan) and acetonitrile and acetone (HPLC grade) from TEDIA (Cincinnati, USA).
Cultivation and Inoculation of Microorganisms
For microbial production of amines, 16 species of microorganisms that may be associated with meat and poultry were obtained from Korean Culture Center of Microorganisms (Table 1) . Fourteen species of bacteria were in the freeze-dried state and 2 species (Lactobacillus curvatus and Proteus mirabilis) in the slant media. Each bacterium was inoculated into a test tube (15×250 mm) containing 30 ml of the proper medium and incubated in the shaking incubator (220 rpm) for 20 h at its optimal temperature (Table 1) . One milliliter of the incubated broth was taken and procedures were repeated for 3 times for each bacterium. The enriched bacterial broth (approximately >10 8 CFU/ml) were inoculated into the prepared sample. The inoculated sample was incubated at each bacterium's optimal temperature for 24 h and then subjected to the determination of the amounts of amines produced. Control samples were prepared without the inoculation.
Determination of biogenic amines
The method of Eerola et al. (1993) was modified for the determination of biogenic amines. Two grams of the sample were weighed into a 50 ml polypropylene conical tube (Beckton Dickinson & Co., Franklin Lakes, USA) and homogenized (Ultra-Turrax 25, IKA-Labortechnik, Staufen, Germany) in 10 ml of 0.4 M perchloric acid. The homogenized sample was centrifuged for 10 min at 3,000 rpm (Union 5KR, Hanil Co., Incheon, Korea) and the supernatant was filtered through filter paper (Whatman No. 1, Whatman International Ltd., Maidstone, England). Ten milliliter of 0.4 M perchloric acid was added to the remnant and mixed thoroughly in a vortex mixer (VortexGenie2, Scientific Industries, Inc., Bohemia, USA). This mixture was centrifuged for 10 min at 3,000 rpm and the supernatant was filtered again through the same type of the filter paper. Finally, the volume of filtrate collected from both steps was adjusted to 25 ml with 0.4 M perchloric acid.
One milliliter of a sample extract was taken into a 15 ml polypropylene conical tube (Beckton Dickinson & Co., Franklin Lakes, USA) and 50 µl internal standard (1,000 ppm 1, 7-diaminoheptane) was added. Two hundreds microliters of 2 N sodium hydroxide, 300 µl of saturated sodium bicarbonate and 2 ml of dansyl chloride solution (10 mg dansyl chloride dissolved in 1 ml acetone) were added to sample extract before the incubation for 45 min at 40°C in a water bath. After the incubation, 100 µl ammonia was added to the reaction mixture for the removal of residual dansyl chloride. After 30 min at the ambient temperature, the volume of the reaction mixture was adjusted to 5 ml with acetonitrile. This reaction mixture was centrifuged for 5 min at 2,500 rpm. The supernatant was filtered with a 0.45 µm syringe filter with PVDF Membrane (Acrodisc  LC13 PVDF minispike, Pall
Co., Ann Arbor, USA).
Ten microliters of filtered sample was injected in HPLC with a diode array detector (Agilent 1100, Agilent Techology Inc., Wilmington, USA) equipped with Spherisorb ODS 2 column (4.6×150 mm i.d., 5 µm, Waters, Milford, USA). Gradient elution program was used with the mixture of 0.1 M ammonium acetate as solvent A and acetonitrile as solvent B. Both solvents were vacuumfiltered by membrane filter (47 mm PTFE 0.45 µm, Pall Co., Ann Arbor, USA) and degassed with ultrasonicator (5210, Branson Ultrasonic Co., Danbury, USA). The flow rate was 1 ml/min. The gradient began at 50% (solvent A) and 50% (solvent B) and ended at 10% (solvent A) and 90% (solvent B) in 19 min. Ten minutes of waiting time before next analysis was necessary for equilibrium. The column temperature was 40°C. The amount of the dansyl derivatives of the biogenic amines were quantified by measurement of UV-absorption at 254 nm.
Statistical analysis
Statistical analysis was performed with the SAS program for windows V8 (SAS, 2000) . One-way ANOVA was used to calculate the means and standard error while one-way ANOVA and Duncan's multiple range tests were carried out to analyze the significant differences in the counts of microorganisms in beef, pork and chicken, respectively. Table 2 shows that the amine concentrations in ground beef were different depending on the inocula. Spermidine (SPD) and spermine (SPM) were found relatively in large quantity in the control. They are naturally occurring polyamines in fresh pork and beef (Hernandez-Jover et al., 1996) . The highest β-phenylethylamine (PHM) production was found in Pseudomonas aerugina followed by Bacillus cereus. Durlu-Özkaya et al. (2001) reported that Citrobacter freundii, E. coli, Enterobacter taylorae, Hafnia alvei and Morganella morganii produced PHM. Bacillus cereus and Enterobacter cloacae generated more PUT, CAD, serotonin (SER) and TYM than the other bacteria did. Heavy contamination by Enterobacteriaceae has resulted in large amount of CAD in beef (Slermr, 1981) . The highest PUD concentration was detected in Enterobacter spp. (Durlu-Özkaya et al., 2001 ). TYM content is influenced by aerobic and lactic acid bacteria counts (Smith et al., 1993) . The content of HIM was below 10 µg/g with the exception of that produced by Salmonella enteritidis. According to Durlu-Özkaya et al. (2001) , the highest HIM forming bacteria was some E. coli strains. However, in this study, E. coli was the second to Salmonella enteritidis. TAA was highest in samples inoculated with Bacillus cereus, followed by Enterobacter cloacae.
RESULTS AND DISCUSSION
As shown in Table 3 , ground pork samples inoculated with diverse bacteria had various amines at different levels. The tendency in control pork samples was similar to that of ground beef except no detection of HIM and SER in ground pork. All biogenic amines were detected at the highest level in samples inoculated with Alcaligenes faecalis while Bacillus cereus was the one that produced the highest amount of all biogenic amines except HIM. More than 300 µg/g of PUT was found in sample inoculated with Enterobacter cloacae as well as Alcaligenes faecalis. Bacillus cereus, Proteus vulgaris, Enterobacter cloacae and Alcaligenes faecalis produced high amount of CAD (>400 µg/g). In samples inoculated with all bacteria except for Alcaligenes faecalis, HIM was detected below 10 µg/g. TYM that was 0.17 µg/g in control sample, was relatively low in samples inoculated with Pseudomonas aerugina and Salmonella typhimurium. It was found that HIM, TYM, PUT and CAD formation occurred during the storage of pork (Hernandez-Jover et al., 1996) . Total amine level was highest in ground pork sample inoculated with Alcaligenes faecalis followed by Enterobacter cloacae.
In ground chicken breast and leg, amines were produced by the inoculation of various bacteria (Tables 4  and 5 ). The major biogenic amines in the control sample were CAD and HIM, similar to that in beef and pork. PHM was not found in the control of both parts while PUT, SER and TYM were found only in the breast sample. Silva et al. (2002) reported that PHM was not found in chicken products and that SPM was predominant polyamine, followed by SPD. PHM produced by Lactobacillus alimentarius showed the highest level followed by Leuconostoc mesenteroides. Bacillus cereus, Leuconostoc mesenteroides, Enterobacter cloacae and Alcaligenes faecalis produced larger amounts of PUT, particularly Alcaligenes faecalis produced 1,707.3 µg/g. Durlu-Özkaya et al. (2001) reported that the highest PUT concentration was detected in Enterobacter spp. strains. The amine produced at the highest level was CAD formed by Bacillus cereus. The content of HIM in ground chicken breast was different from that of ground beef or pork. Leuconostoc mesenteroides formed 60.6 µg/g of HIM, Alcaligenes faecalis 37.9 µg/g and Lactobacillus alimentarius 25.4 µg/g. Aeromonas hydrophila and Acinetobacter haemolyticus produced 210.3 and 15.0 µg/g of SER, respectively. More TYM was produced in the order of Lactobacillus alimentarius, Enterobacter cloacae and Bacillus cereus. Bacteria that have revealed tyrosine decarboxylase activity in various foods are Enterococcus faecium, Enterococcus faecalis, Lactobacillus bulgaricus, Escherichia coli and Pseudomonas spp. (Santos, 1996) . Total amine level was in the order of samples inoculated In summary, CAD was detected at the highest level, followed by PUT and TYM when beef, pork or chicken was spoiled. As for the microorganisms involved in biogenic amines production, Alcaligenes faecalis, Enterobacter cloacae and Bacillus cereus were ones that produced a larger amount of BAs regardless of meat sources from different species.
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